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Introduction
Heat shock proteins (HSPs) are proteins whose expression is induced by different kinds of stresses. They exhibit strong cytoprotective properties and behave as molecular chaperones for other cellular proteins (1) . There are several reports indicating that among the major inducible protein chaperones is heat shock protein 70 (HSP70). HSP70 is highly expressed in various human tumors especially of epithelial origin, and its over expression often correlates with an increase in cell proliferation, poor response to chemotherapy and reduced patient survival (2) . Consequently, HSPs have become interesting targets for anticancer therapy. It has been shown that inhibition of HSP70 in tumor cells either by a gene knockout or by antisense agents enhances heat-induced radio sensitization (3) . As a result there have been attempts to inhibit intracellular HSPs in order to facilitate cancer cell apoptosis or senescence. On the other hand, extracellular and membrane-associated HSPs have been used for cancer immunotherapy (4) . Summing up, HSP70 has a dual effect: it can promote cancer development by suppressing cell death and favoring the expression of metastatic genes or can facilitate tumor rejection by the immune system (5) . Also HSP70 protection may contribute to tumor mutation accumulation, and supports progress into more aggressive forms (6) .
Hanagan in 2000 based in the fact that there are more than 100 distinct types of cancer and tumor subtypes within specific organs, proposed that the cancer phenotype is a manifestation of six essential alterations in cell physiology that collectively dictate malignant tumor growth. These six acquired capabilities are: self-sufficiency in growth signals, insensitivity to growth inhibitory signals, apoptosis evasion, limitless replicative potential, sustained angiogenesis, and tissue evasion and metastasis (7) . These characteristics might be modulated by HSP70, particularly apoptosis cell death. Apoptosis is a well-defined programmed cell death (PCD), playing an important role in the development of biological systems and cell homeostasis. It is accompanied by a roundingup of the cell, retraction of pseudopodes, mitochondrial membrane depolarization, activation of flipase, plasma membrane blebbing, cell shrinkage, chromatin condensation, DNA fragmentation, nuclear disintegration, and formation of apoptotic bodies (8, 9) . The search for natural products capable of regulating HSP70 expression becomes highly desirable because it can be used in cancer therapy to help decrease cancer cell resistance to apoptosis or to assist in antigen transference.
For decades, the phytochemical studies scope has been isolating compounds from biological resources, assigning the ethnobotanical properties of the whole plant to a single compound. However, Western medicine and even Ayurveda consider the possibility of a synergy between the components of the plant to be responsible for the biological activity. Furthermore, there are clear examples where a single isolated compound is unable to reproduce the plant extract activity (10) . Recently, we have demonstrated that a more polar fraction from P. alliacea exerts several other functions, which include G2 cell cycle arrest as a result of cytoskeleton derangements leading to an apoptotic cell death through a mitochondria independent pathway. In addition, changes in the enzyme pool associated to glucose metabolism, could also mediate death from lack of nutrients (11). It is not likely to assume that a single compound may carry out all these multiple functions, suggesting that a standardized complex fraction might have more interesting antitumor activities in confronting tumor cells through different molecular targets. These observations are further supported by the fact that traditionally infusions and decoctions of this plant have been extensively used in some South American countries in leukemia and breast cancer patients (12) . The present study evaluates the biological activity of a less polar P. alliacea fraction, chemically characterized and different from the previously reported, which induces tumoral cell death through mechanisms where mitochondria and 
Materials and methods

Plant material extraction
The plant material was collected in Viotá, Cundinamarca, Colombia, and identified by Antonio Luis Mejía Piñeros (botanical consultant) as Petiveria alliacea L. by comparing the provided material with a sample from the National Colombian Herbarium, registry number 333406, August 12, 1991. P.alliacea dry ground leaves and stems (3 kg) were extracted in Soxhlet, with petroleum ether (4 L) for 48 hours.
The plant extraction was continued with dichloromethane (CH 2 Cl 2 ), ethyl acetate (EtOAc), and 96% ethanol. All the extracts were filtered, concentrated under vacuum and exposed to biological assays. Of the four extracts, the one that maintained an effect on cell morphology and cytotoxicity was the ethyl acetate extract, and for the reason the extract was further investigated. The EtOAc extract was then flocculated with ethanol-water (1:1) at 65 °C during 20 min. The precipitated was discarded, and the supernatant recovered by filtration and subsequently fractionated in a silica gel G-60 column (30 x 4 cm). The silica gel column was eluted with the following solvent ratios: CH 2 Cl 2 -EtOAc (7:3), and EtOAc and 96% ethanol (1:1). Three fractions were obtained within the solvent proportion CH 2 Cl 2 -EtOAc (7:3), and TLC (Thin Layer Chromatography) was used to combine the eluted fractions. The fractions were labeled S1, S2, and S3, corresponding to the first, second and third eluates coming out from the column.
Cell lines and culture conditions
NB-4 (human myeloid leukemia) and K562 (human erythroleukemia) cells were obtained from our laboratory stocks. Cells were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml penicillin, 100 µg/ml streptomycin and 0.01 M Hepes and maintained at 37 °C with 5% CO 2 in humidified atmosphere. The cells were treated with S1, S2 and S3 fractions at concentrations ranging from 7.8 to 125 µg/mL and plated (96 well plates). Ethanol or dimethyl sulfoxide (DMSO) (0.2%) were used as vehicles.
Cell viability and morphology
Cells treated with S1, S2 and S3 fractions (125 to 7.8 µg/ ml) were plated on 96-well plates for morphological and 
Mitochondrial membrane potential (MMP) measurement
Cells (3x10 5 ) treated with S2 and S3 fractions during 4 and 8 h, were stained with 10 µg/ml of JC-1 (lipophilic cationic probe 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbenzimidazolcarbocyanine iodide, Sigma, St. Louis, MO), incubated for 10 min at 37°C and analyzed by flow cytometry (FACScalibur Cell Quest software Becton Dickinson, Fullerton, CA). Experiments were carried out by triplicate and results were expressed as a mean ± SD. Positive control was P2Et, a highly purified gallic acid fraction from Caesalpinia spinosa.
DNA fragmentation analysis
Hematoxylin-eosine and DAPI (4',6-diamidino-2-phenylindole, Sigma) stained cells were monitored under microscope to evaluated the cell death type induced by the plant fraction. In brief, cells treated with S3 fraction for 24 h at 37 o C under humidified atmosphere and 5% CO 2 , were plated onto microscope slides by cytocentrifugation (Vybra cytospin, Japan) for 5 min at 500 rpm, fixed with ethanol and stained with hematoxylin (2 min) and eosin (45 seconds). Excess dye was removed with ethanol (3 washes) and microscope slides were monitored and photographed under a light microscope (Olympus CH30, Japan) at a magnification of 100X. For DAPI staining, cells were plated on glass cover slides (13 mm ∅) previously collagen-precoated (6-10 µg/cm 2 ) at a density of 5x10 4 cells for 16 h, and treated with S3 fraction at 37 °C under humidified atmosphere and 5% CO 2 for 24 h. Subsequently, cells were washed (PBS) and fixed with paraformaldehyde (2% in PBS) for 30 min at 4 °C. After washing twice with PBS-BSA (1%), cells were incubated in cold acetone (1 min); washed (1% PBS-BSA) and incubated for 5 min with DAPI 300 nM (Sigma, St. Louis, MO). Slides with prolong antifade kit (Molecular Probes) were observed under a fluorescence microscope (Olympus, Japan).
Mass spectra and UV chromatograms of S2 and S3 fractions
HPLC-UV analysis was carried out on an Alliance 2795 (Waters ® ) UK pump with a diode-array detector (DAD) and RP-C18 column (2.1 x 150 mm 5µm, Waters). Elution was performed using a solvent system comprising solvent A (H 2 O +1% formic acid) and solvent B (methanol + 0.1% formic acid) mixed using a linear gradient starting with 60% A from 0 to 5 min, decreasing to 0% A at 45 min, and finally increasing to 60% A from 52 to 62 min. Flow rate was set to 0.2 ml/min, detection wavelength at 280 nm and UV spectra from 190-400 nm. The mass spectra were acquired using a LCT TOF mass spectrometer (Micromass ® , UK.) equipped with an ESI source in the negative and positive ion mode (Core facility, Natural Products Institute, CNRS, Gif-sur-Yvette, France).
Heat shock and cell treatment with S2 and S3 fractions
K562 cells incubated on 6-well plates (2 x 10 6 cells/well) in 3 ml of supplemented medium were treated with S3 and S2 fraction (6.2 µg/ml) or quercetin and rutin (100 µM, positive control). Treated cells were divided into two groups: one group was incubated at 37°C for 10 h, subjected to heat shock (42°C, 60 min) in a serological water bath, and then allowed to recover for 4 h at 37°C; the other group was incubated for 15 h at 37°C. During the entire procedure, both groups were maintained with S2 and S3 fraction or quercetin and rutin respectively.
Protein separation and Western Blot (WB) analysis
After treatment, cells were lysed using TDLB buffer (1 M Tris-HCl pH 8, 5 M NaCl, 20% sodium azide, 10% SDS, 10% NP40, 10% sodium desoxicolate, 1% PMSF) for 30 min at 4°C. Proteins were quantified by Bradford assay (BIORAD), separated by electrophoresis (10% polyacrilamide gel) and transferred onto PVDF membranes.
Protein identification was accomplished using a monoclonal primary antibody anti-Hsp70 (Hsp70 clone 283 
Statistical analysis
Comparison of the mean fluorescent intensity between samples and controls was carried out with an unpaired Student's t-test (GraphPad Prism, V 4.0). The results are expressed as mean ± standard error (SEM) and p <0.05 implies significance.
Results
Cytotoxicity
The cytotoxic activity of the fraction was evaluated on cell lines K562 and NB4 as described in Materials and Methods. S2 and S3 fractions have a cytotoxic effect on both cell lines at a concentration of approximately 50 µg/ml (Table  1) , a concentration considered as promising by the National Cancer Institute (NCI) of the United States (13) . S1 fraction did not show any cytotoxic activity in any of the tested cell lines (data not shown), so further biological assays were carried out only with S2 and S3 fractions.
Mitochondrial membrane depolarization induced by P.alliacea S2 and S3 fractions
In the screening for fractions with possible antitumor activity, an interesting trait to evaluate besides cytotoxicity is the Cell line/Treatment K562 NB4 S2 (IC50 µg/ml) 37 ± 1.7 45 ± 2.0 S3 (IC50 µg/ml) 40.9 ± 1.7 43 ± 2.1 DTS (IC50 µg/ml) 2.1 ± 0.5 * NT DBS (IC50 µg/ml) 8.4 ± 2.0 * NT Doxorrubicin (IC50 µg/ml) 0.26 ± 0.1 * NT type of cell death induced by the fraction. Mitochondria is one of the cell organelles well known to be involved in apoptotic cell death. Also a prominent cancer characteristic is apoptotic evasion through mitochondrial protection (7). Therefore, assessing the fraction effect on mitochondrial activity is a useful approach.
Mitochondrial membrane depolarization induced by S2 and S3 was previously evaluated at different concentrations with various cell lines in independent experiments (14) . In all the cases, depolarization was dose-dependent and irreversible. Figure 1 summarizes the experimental results obtained using doses near the IC50 of S2 and S3 fractions. Mitochondrial membrane depolarization, evaluated with entire cells instead of isolated mitochondria, was clearly observed. Changes in membrane depolarization appear quite fast becoming irreversible after 8h of treatment.
P.alliacea S2 and S3 fractions induced nuclear fragmentation
Nuclear fragmentation can be used as an indication of apoptosis by observing the nuclei with fluorescent microscopy. To assess nuclear and cell morphology, NB4 cells treated with S2 and S3 fractions (31.2 µg/ml) for 4, 8 and 24 h were stained with hematoxylin-eosin dye. Figure  2 shows the tumor cells with the negative control (0.2% ethanol) in active mitosis indicating that there was no interference with the cell division, while treated nuclei show a clear nuclear fragmentation and chromatin condensation. S3 fraction causes nuclear fragmentation sooner (8h) than S2 fraction (24h). Once again, we observed that S3 fraction induces a quicker apoptosis cell death evidenced by the presence of nuclear fragments suggesting a coordinated DNA rupture. In our research S3 fraction is of great interest due to its high cytotoxicity and proven activity to 
P.alliacea fractions regulate intracellular HSP70 expression.
To evaluate the activity of P.alliacea fractions on the HSP70 protein expression, K562 cells were exposed to heat shock and treated with S2 and S3 fractions at a dose 5 times less the IC50, in order to allow cell viability maintenance and observed changes in protein synthesis caused by the treatment. The HSP70 protein expression was evaluated by Western blot. Quercetin, a flavonoid well known to decrease HSP70 expression (15, 16) was used as a positive control. The activity shown by S3 fraction was very similar to quercetin, decreasing not only the heat stress inducible HSP70 protein expression (Figure 3 A, B) but also its constitutive form (data not shown). The behavior exhibited by the S2 fraction under our experimental conditions was similar to that of rutin (quercetin glycoside), a compound known to increase the HSP70 level on the plasma membrane, rising tumor cell sensitivity to be lysed by NK cells (15) .
The S2 fraction, as opposed to S3 fraction, seems to have little effect on inducible HSP70 expression, but in absence of thermal stress it is likely to induce an increase in protein expression (data not shown).
Characterization of fractions S2 and S3
Compound identification in the S2 and S3 fractions was carried out by comparing the mass/charge ratio (m/z) with previously reported compounds for the plant (17) (18) (19) (20) . By matching up the m/z ratio obtained from our chromatograms with the molecular masses reported in the literature, we were able to identify five compounds for S2 (corresponding to 28.3% of the detected compounds) and seven for S3 fraction (corresponding to 46.56% of the detected compounds), as shown in Table 2 . Two peaks with the same m/z ratio (314) but different retention times were assigned to the flavonoids leridol and petiveral, present in both fractions. Two peaks with an m/z ratio of 298 and different retention times may correspond to leridal 7-demethyl and nonadecanoic acid, detected only in fraction S2. The m/z ratios corresponding to 278 and 310 were assigned to dibenzyltrisulfide (DTS) and dibenzyltetrasulfide respectively, and present only in fraction S3. For ratio m/z of 312, present only in fraction S3, there were two flavonoids as possible candidates: leridal or leridal chalcone. Therefore, we did not discard the possibility of having both compounds present. Although the chromatography run was carried out up to 62 minutes for both fractions, ions formed did not suffice for an accurate mass assessment for compounds eluting after 35 min of running.
Discussion
P.alliacea has been widely commended for cancer treatment (21, 22) , but the molecular mechanisms involving its antitumoral activity have not yet been clearly identified.
The fractions S2 and S3 from P.alliacea have shown to decrease cell viability in a dose-dependent fashion, and to induce an early nonreversible mitochondrial membrane depolarization on human tumor cells lines K562 and NB4. Cell death associated with morphological changes and a coordinated DNA fragmentation suggest that both S2 and S3 fractions can induce apoptosis probably through the endogenous endonucleases downstream the mitochondria, a mechanism currently under study in our laboratory. However, it is interesting to point out that S3 is likely to have a stronger induction of apoptosis than S2 fraction; nonetheless both fractions are capable of inducing cell death.
Heat shock proteins are a family of proteins well known to be involved in the regulation of cell survival, proliferation and protection against several types of stresses. Thermal stress amid other causes is known to increase their expression, as well as other external factors such as physical, chemical and oxidative stresses, cytostatic drugs, gamma and UV rays (23) . Physiological events such as antigen presence (24), cellular growth, differentiation and aging may influence their expression (23) . Several studies indicate that the over expression of inducible HSP70 promotes cancer development by suppressing various anticancer mechanisms like apoptosis and senescence, as well as facilitating the expression of metastatic genes (4). Accordingly, the down regulation of inducible HSP70 will facilitate apoptosis or senescence in cancer cells. Specific depletion of inducible HSP70 in cancer cells can be an important factor for cancer cell survival (25) . S3 fraction has shown to decrease HSP70 expression after thermal stress (Figure 3 ), thus suggesting that it might be sensitizing tumor cells to die by apoptosis. It is well documented that HSP70 protein has dual effects: on one side, it promotes cancer development; and on the other side, it facilitates tumor rejection by the immune system (5, 23) . Its expression as a membrane-bound protein and its extracellular occurrence represent an immunogenic potential, while the intracellular expression correlates with tumor development (23) . Conversely to the S3 fraction, S2 fraction does not decrease inducible HSP70; instead it seems to increase its expression with and without thermal stress ( Figure 3 and data not shown). Under our experimental conditions, and in relation to HSP70 expression, S2 fraction maintains a similar behavior with rutin. The increase of HSP70 expression in tumor cells has been related to lysis sensitization by natural killer (NK) cells (26) . It certainly will be of particular interest to study the relation between the use of these fractions and the lysis of tumor cell by NK cells.
Within the compounds present in S3 but absent in S2 fraction are DTS, dibenzyltetrasulphide and leridal or leridal chalcone (Table 2 ). Despite the difference between fractions in compound composition, it would be inaccurate to state that DTS, dibenzyltetrasulphide, leridal or leridal chalcone are the only compounds responsible for the decrease in inducible HSP70 expression, or that their absence may increase its expression. Quercetin is a flavonoid that has long been recognized to inhibit HSP70 expression after heat shock, yet by an unknown mechanism (27) . It has been proposed that quercetin inhibits the inducible HSP70 expression by inhibiting heat shock factor 1 (HSF1), or the association between HSF1 and the heat shock element (HSE) (15, 28) .
From all the possible compounds responsible for the cytotoxic and apoptotic activities, we propose that DTS could be the compound involved. Several reports describe the anti-proliferative and cytotoxic activity of DTS on a wide range of cancer cell lines (29, 30 DTS also induced changes in the cytoskeleton proteins and influenced the cell proliferation machinery. The relation between the activities exerted by the fractions on the cytoskeleton and on the expression of HSPs needs to be further investigated. S-benzyl-cysteine sulfoxide is another compound shared by both fractions and a nonvolatile precursor of a series of sulphur compounds produced by degradation during plant extraction. It has been reported to exhibit antimicrobial and antifungal properties as well as a possible antitumoral activity (31) .
Therefore, it is essential to study the different biological activities reported in the present study for all the compounds in the fractions, in order to determine their functional and biological specificity.
Ethnopharmacological reports have widely described P.alliacea as a plant exhibiting antitumoral and immunostimulatory properties, among others. The present study contributes to partly explain these activities. In relation to the use of plant fractions with biological activities as the ones described in the present study, it is interesting to point out that the observed activities are only reproducible when the fraction is kept at 4°C, light protected and for a period of time no longer than a year. Activities due to the presence of DTS can be lost, given the volatility of the compound, which is not detected in the mixtures after several months of storage. Therefore, it is also necessary to evaluate the chemical stability of compounds of each fraction and search for agents allowing longer storage periods.
Conclusion
Herein, we demonstrated that fractions S2 and S3 induce apoptosis by the mitochondrial pathway, but their activities differ: S2 upregulates while S3 downregulates the HSP70 expression. The use of a complex fraction (S3) able to negatively modulate the expression of HSP70 protein may be an interesting alternative for antitumor therapy, increasing tumor cells sensitization to death by apoptosis, or else by increasing HSP70 (S2) to render tumor cells more responsive to NK cytotoxicity.
We consider that compounds as DTS, S-benzyl-cysteine sulfoxide, leridal, leridal chalcone, dibenzyl tetrasulfide, leridol and petiveral work in a synergistic mode conferring the described biological behavior. Currently, we are working on the isolation of all the S3 fraction compounds and assessment of their biological activities in isolation and in fixed combinations. 
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